Abstract-In this paper, we study the bit error rate (BER) and the frame error rate (FER) performance for rateless coding aided cooperative communications using an effective protocol over additive white Gaussian noise (AWGN) channels. During the collaborative phase, the proposed protocol adopts an adaptive demodulation (ADM) scheme considered channel state and the partial cooperation scheme depending on whether or not the partner decodes correctly. ADM schemes have been considered before by Illanko et al., but therein the effect of channel state is not considered, because the receiver always demodulates three (or two) bits per symbol for the case of 16QAM signaling during two phases in cooperative communications. Taking channel state into consideration, the BER performance of the modified ADM scheme is investigated. The proposed cooperative protocol is studied with different partial cooperation parameters, such as 1/2, 1/4, and 1/8. Furthermore, the validity of the partial cooperative scheme over flat Rayleigh fading channels is also substantiated by simulation results in terms of throughput and FER performance.
I. INTRODUCTION
Cooperative communications is an effective strategy to realize spatial diversity by receiving information through uncorrelated channels introduced by the source and the partner [1] - [3] . In general, the transmission pattern can be divided into two phases with the aid of the partner in cooperative communications. In the first phase, the source broadcasts to the destination. Meanwhile, the partner nearby can get the transmitted information by the broadcast nature of the wireless channel. In the second phase, called the collaborative phase as well, the partner exploits various ways to retransmit the received message depending upon the cooperative protocol adopted. For example, the partner will demodulate and decode the transmitted symbol from the source before re-encoding and retransmitting it to the destination in decode-andforward (DF) protocol [4] . Protocols and performance analysis of cooperative communications are also presented in [5] - [7] .
In general, cooperative communications can be designed by two rate-adaptive schemes: adaptive modulation schemes [8] and incremental redundancy schemes [9] . However, they have some disadvantages. In an adaptive modulation scheme, the channel state information (CSI) is required at the transmitter. While an automatic repeat request (ARQ) protocol is needed in incremental redundancy schemes.
Based on the adaptive demodulation (ADM) scheme [10] , Illanko et al. proposed a novel ADM scheme using raptor codes (a type of rateless codes [11] ) to avoid these pitfalls [12] . This scheme achieves the results of adaptive modulation schemes without requiring CSI at the transmitter. It also overcomes the limitation of incremental redundancy schemes, since a second layer of ARQ is not needed. However, the analytical results should not be treated as perfect in [12] , since the receiver always demodulates three (or two) bits per symbol for the case of 16QAM signaling regardless of the channel state. Generally, it may be more or less than three (or two) bits per symbol depending on the channel state. For example, if the channel link is very good, the ADM scheme would cause no erasures, then full-rate communication would be achieved, otherwise one bit per symbol may be obtained. So, the impact of the channel condition on the ADM scheme isn't considered in [12] .
Motivated by this, we study the influence of the channel state on the ADM scheme in this paper.
In practice, the original source packets will be reconstructed at the partner, if enough encoded packets are obtained according to the principle of rateless codes. Then, the new encoded packets can be generated at the partner. Under this situation, if the recovery of the original packets is required at the destination, only the residual encoded packets should be supplied as the partner, based on the received ones from the source during the first phase. So, we propose a novel cooperative protocol, which follows different steps based on whether or not the partner reconstructs the source packets. Furthermore, we also investigate the throughput and the frame error rate (FER) performance of the partial cooperation scheme over flat Rayleigh fading channels, where the source-partner link is error free.
The rest of this paper is organized as follows. Section II describes the raptor codes and the cooperative communication system under investigation. Section III provides details of the proposed cooperative protocol. Then simulation methodology and results are presented in Section IV. Finally, the conclusion is given in Section V.
II. RAPTOR CODES AND SYSTEM MODEL
Since raptor codes are used as a part of the system model, so we will discuss it at first.
Raptor codes

LDPC Precoding
LT-coding Raptor codes are the serial concatenation of lowdensity parity-check (LDPC) codes with an LT codes which is shown in Figure. 1. And the process of the decoding is reversed.
LT codes, which are a kind of rateless codes, can approach channel capacity without requiring CSI at the transmitter, according to the principle of LT codes. The reason is that LT codes can generate and spray infinitely long encoded message and terminate only when the receiver sending the acknowledgement. However, to decode k source packets, the complexity is not linear, but
To achieve linear time encoding and decoding, Shokrollahi et al. proposed raptor codes using high-rate LDPC codes as precoding [13] . The basic idea is that only a fraction of the original k packets is required to decode by LT codes. The residual packets can be recovered using LDPC codes. If overhead is ε , which means that (1 ) During the first phase, the source broadcasts the transmitted symbol to both the partner and the destination. Firstly, the source encodes the k bits message using raptor codes. Based on the principle of raptor codes, a potentially infinitely-long stream of parity-check bits can be generated. However, the finite-long stream will be obtained at the partner and the destination subject to a low-delay constraint in practice. So, when the number of encoded bits n transmitted from the source reaches 1.5 k , the raptor codes will terminate in our work. After modulated, symbols are presented as
where i is associated with M-ary quadrature amplitude modulation (M-QAM) scheme, for example, i equals 2 n , if quadrature phase-shift keying (QPSK) is employed. After transmitted over additive white Gaussian (AWGN) channels, the received symbols at the partner and the destination can be written as
respectively. During the second phase, the partner will collaborate with the source to transmit. For example, the partner modulates the reserved bits that were demodulated before and transmits them to the destination using M-QAM in ADM scheme. If the demodulated bits are denoted by
⎦ , where integer f is decided by the ADM scheme. The modulated symbol is shown as 1 2 , ,
⎦ , where j is an integer depending on the M-QAM. For example, j equals 4 f , if 16QAM is employed. After being transmitted through an AWGN channel, the received symbol at the destination can be written as
At the end of the second phase, the destination exploits various ways to recover the source message depending upon the cooperative protocol adopted.
III. THE PROPOSED PROTOCOL
The proposed cooperative protocol is illustrated in Figure. 3, where thin and thick lines indicate signal flow during the first and the second phase, respectively.
During the first phase, symbols are transmitted to the partner and the destination after raptor encoder and M-QAM modulator.
Compared with fix fraction of the m bits in Illanko's work where m equals 2 log M , the destination will choose the most reliable bits to demodulate in the modified ADM scheme according to the channel capacity as follows
where γ is the signal to noise ratio (SNR) of the channel.
The basic idea is that, the channel can't support more than M QAM C − bits per symbol, if the received SNR is γ .
Then, the destination stores them in a first buffer. Depending on whether or not the partner decodes correctly, the proposed cooperative protocol adopts different steps during the second phase as shown in Figure. 3
A. The modified adaptive demodulation (ADM) scheme
If decoding failure at the partner, the proposed protocol is the modified ADM scheme depicted by dashed lines. This means that the partner picks the most reliable bits to demodulate before modulates and transmits. For example, if the demodulated bits using the modified ADM scheme are denoted by 
x is the l th modulated symbol at the partner. And parameter l is an integer depending on the modulation scheme. For example, l equals 4 d , if 16QAM is employed. After being transmitted through an AWGN channel, the received symbol at the destination can be written as
During the second phase, the destination obtains the appropriate demodulation bits using the modified ADM scheme and stores them in a second buff. Then, the bits stored in the two buffers go to a logic circuit to realize judgment. Generally, the partner-destination link will be in a better condition compared to the source-destination link. So, the bit from partner-destination link has the priority to be accepted, if that of the source-destination link is different in the logic circuit as shown in Tab.1. 
B. Partial cooperation scheme
If the partner decodes successfully, it will collaborate with the source to transmit partial encoded bits during the second phase, which is depicted by solid lines as shown in Figure. 3. Define the partial cooperation parameter P as
where k is the number of output encoded bits at the partner. After modulation at the partner, k bits are transformed as , 
Before storing in a second buff, the destination picks the most reliable bits per symbol using the modified ADM scheme. At the end of the second phase, the reserved bits in two buffers are passed through raptor decoder to get the final result.
To be specific, the collaboration happens even if the partner doesn't reconstruct the source message in the proposed protocol, compared with keeping silence in [14] [15].
IV. SIMULATION RESULTS
A. The modified adaptive demodulation (ADM) scheme
First, we compare the BER performance of the proposed ADM scheme considering channel state with that of Illanko's work, for a case of 16-QAM signaling.
Ideally, if the length of information message is 10000 bits or even more, the asymptotic behavior of the raptor codes can be fully exploited. However, owing to the time taken on the raptor decoding, we select the length of information message is 1024. The rate of outer LDPC codes is 0.95 with column weight 4. And, the LT encoded bits are produced from the LDPC encoded bits by the following degree distribution [13] This means the source-partner link is in better condition than that of source-destination link. However, the number of bits per symbol chosen at the partner and the destination is the same, for example, three in Illanko's work. It's not perfect. In the proposed ADM scheme, the partner and the destination will select the most reliable bits per symbol according to the channel state during two cooperative phases. It can be observed that the proposed ADM scheme achieves larger performance gain, compared with demodulating the most reliable three bits out of the four bits when γ is higher than 11dB. However, when γ is lower than 11dB, the performance loss can be observed. This is because that part of the useful information contained in a received symbol is discarded during poor channel state in the proposed ADM scheme. While, it should be noted that the decoding complexity is also reduced, since the operations like additions and multiplications involved in the message passing algorithm are reducing as long as the number of check nodes participated in raptor decoding is decreasing [17] .
B. The proposed cooperative protocol
Next, we study the performance of the proposed cooperative protocol in terms of BER and frame error rate (FER) with different partial cooperation parameters. FER is declared when at least one bit of the message in a frame can not be decoded at the destination. Figure. 5 the BER is about 3 
10
− when 1 2 P = , while that is higher than 2 
− when 1 4 P = and 1 8 P = . The FER performance of the proposed cooperative protocol is depicted in Figure. γ is 5dB less. As illustrated in Figure 6 , the proposed cooperative protocol has lower FER at the fixed SNR, when the partial cooperation parameter P equals 1 2 , compared with 1 4 P = and 1 8 P = . The error floor is observed as shown in Figures.4, 5 and 6. The reason is that the outer LDPC codes have girth four, where girth is defined as the length of the shortest cycle in a Tanner graph [18] . This may produce the poor result, since short cycle prevents the message passing algorithm from converging to the optimal result. Moreover, the behavior of the LT codes is good, only when the length of the information message is large. However, this will result in the excessive length of time. Although the short length of the information message, such as 1024, results in the error floor, the superiority is also presented. For example, the better BER and FER performance when 1 2 P = , compared with that of 1 4 P = and 1 8 P = as shown in Figures. 5 and 6 .
C. Results of partial cooperation scheme
Since partial cooperation scheme plays an important role in the proposed cooperative scheme, we investigate it with various modulation schemes in terms of throughput and FER in flat Rayleigh fading channels in this section 1 . Since the partner can be chosen at the strategic location, error-free transmission can be achieved between the source and the partner in practice.
Let k and P equal 400 and 0.1, respectively. And suppose that decoding is considered successful, if 0.05 ε = in the following. Define each modulation symbol transmission corresponds to a single time-step. Then the throughput is given by
Number of Success Source Bits
Since the partner requires transmitting partial encoded bits instead of all bits in partial cooperation scheme, time slot are saved, resulting in better throughput gain, compared that incremental relaying scheme [19] .
In the following, we examine the partial cooperation scheme with First, we investigate the throughput performance when the fading variances are identical, e.g. , when QPSK and 16QAM are adopted at the source and the partner respectively, we observe that the throughput of the partial cooperation scheme is 1.9, improved by 19%, while that of the incremental relaying is 1.6. Also, when QPSK are adopted by both the source and the partner, throughput of the partial cooperation scheme is 1.7, However, when SNR is below 8dB , throughput of the partial cooperation scheme is slightly worse than the incremental relaying scheme. This is because 10 k encoded bits assisted by the partner are not enough. When P increases to 0.2, implying the partner collaborating with 5 k encoded bits, the predominance will be observed in Table II . As illustrated in Figure. 8, the partial cooperation scheme also has lower FER at the fixed SNR, compared with incremental relaying scheme.
In asymmetric systems, we choose The throughput and the FER performance are depicted in Figures 9 and 10 for two cases. In case 1, where QPSK are adopted at the source and the partner, the throughput of the partial cooperation scheme is 1.8, compared with 1.4 achieved by the incremental relaying scheme at 20 SNR dB = . In case 2, the better performance gain obtained by the partial cooperation scheme is noticeable compared with that of incremental relaying scheme. Similar to the symmetric systems, the partial cooperation scheme has the poor throughput performance in asymmetric systems when SNR is below 8dB . If the partner assists the source with more than 10 k encoded bits, for example, 5 k in our simulation, the better throughput performance will be achieved as shown in Table III . Table. III Throughput performance at low SNR regime in asymmetric system when P equals 0. This paper studied the impact of the channel state on the ADM scheme for cooperative communications over AWGN channels. In our work, different number of bits selected in a symbol due to the channel state is considered, while that is neglected in Illanko's work. Based on the modified ADM scheme, we also proposed an efficient cooperative protocol which follows different steps depending on whether or not the partner decodes correctly. Take 16QAM as a special case, the validity of the proposed cooperative protocol is substantiated by simulation results. Furthermore, as an important part of the proposed cooperative protocol, we also evaluate the throughput and FER performance of the partial cooperative scheme over the flat Rayleigh fading channels.
